Objectives: It has been postulated that cerebral blood flow (CBF) and metabolism are unstable during the acute phase of cerebral ischemia. However, animal models which rely on fixed occlusions of cerebral vessels, do not allow study of this phenomenon; and human studies have largely relied on single measures during acute ischemia. In this study, we sought to serially examine MR-measured CBF during hyperacute ischemia in a cohort of stroke patients to assess the impact of CBF fluctuations on infarct probability. Methods: Eight acute ischemic stroke patients were imaged at three time-points: 2.7 ± 0.8 h (tp1) and 6.2 ± 0.2 h (tp2) after symptom onset; and at 1 m (tp3) to delineate the region of the final infarct (FLAIR image). Six patients received intravenous tPA prior to tp1 while two patients did not. Dynamic susceptibility contrast method was used to obtain CBF. Measurements were normalized to the contralateral unaffected hemisphere. Co-registration and tissue segmentation were performed to align the timepoints and separate gray from white matter, respectively. Brain voxels were classified into CBF deciles at tp1, and further subclassified (based on tp2 measures of the same voxel) into voxels with increased CBF versus without increased CBF. Probability of infarction (based on co-registered tp3 FLAIR images) was calculated for each decile and compared between tp1 alone and tp1 with increased CBF at tp2 versus tp1 without increased CBF at tp2. These 3 groups were compared using a repeated-measure ANOVA with post-hoc Newman-Keuls test. Results: Shown are DCBF maps from 2 patients (Figure panel A and B ), representing CBF changes between tp1 and tp2 (red increase, green no change, blue decrease). CBF showed significant variability from tp1 to tp2 in all patients. To examine if this CBF variability contributed to infarct probability, 3 probability curves were created and compared. The infarct probability of CBF deciles at tp1 was compared to:
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(1) that of the subset of voxels with increased CBF at tp2 versus. (2) that of the subset of voxels without increased CBF at tp2 (Figure panel C) .
A lower probability of infarction was predicted when tp2 CBF improvement (red triangles) was considered compared to considering tp1 data alone (black circles, P < 0.05); likewise, a higher probability of infarction was predicted when tp2 CBF non-improvement (blue squares) was considered compared to considering tp1 data alone (black circles, P < 0.05). Moreover, altered probabilities were most notable in the CBF ranges from 20% to 50%, which likely represent the theoretical penumbra. Conclusion: CBF is highly dynamic during acute ischemia and impacts infarct probability, especially in the 'penumbral range' of CBF (20% to 50%). These findings underscore the importance of dynamic changes in CBF during acute ischemia, and caution that single time-point imaging belies the complex physiology during acute ischemia.
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A cortical region and neuropathway necessary for reading chinese characters revealed by structural and functional MRI Objectives: To examine the crucial region and neural pathway necessary for Chinese logographic characters reading by using structural and functional MRI. Methods: Three right-handed patients suffering from infarcts in the territory of the left posterior cerebral artery (PCA) were studied. All of them showed difficulties in naming familiar objects and people. Patient JXD was of inability to read aloud and comprehend Chinese characters without any other language deficits, i.e. pure alexia. 1 Patient CYH only had deficits in naming objects and people, his reading was normal, i.e. anomia. Patient KY could not understand written Chinese material because he made errors in recognizing the left part (i.e. radical) of a Chinese character, e.g. he read (zhi4, order) as (tie3, iron), read (yin2, silver) as (gen1, root), i.e. left hemiparalexia. 2 3D-SPGR MRI scan and specific analysis software were used to overlap the lesions of three patients to distinguish the distinct lesions in pure alexia (JXD) and left hemiparalexia (KY). BOLD fMRI was adopted for JXD and CYH to reveal activations induced by Chinese characters reading. For KY, we used fMRI to demonstrate the activations to the Chinese characters presented in the left and right visual fields and made DTT (diffusion tensor tractography) examination to reveal the interruption of neuropathway (white matter).
Results: The analysis of 3D-SPGR MRI data reveals that the common lesions lie in the left medial ventral occipitotemporal cortex. JXD had additional lesions in the left lateral mid-fusiform cortex, where has been labeled as visual word form area (VWFA) by Cohen et al. 3 Compared with CYH, KY had additional lesion in the left splenium of corpus callosum. DTT confirms that the neuropathway through splenium was broken in KY. The fMRI results show Chinese characters activated CYH's left lateral mid-fusiform cortex (corresponding to VWFA) but not JXD's (see Figure 1 ). For KY, this area was activated only when Chinese characters were presented in his right visual field (RVF) (see Figure 1 ). Conclusions: The left lateral mid-fusiform cortex is a crucial region for Chinese characters reading (recognizing). Therefore, the lesion in this area (JXD) may result in pure alexia. The neuropathway going through splenium of corpus callosum is necessary for transferring of visual information of Chinese characters from left visual field (right occipital cortex) to left VWFA. The infarction in this pathway (KY) can lead to alexia for characters/radicals in left visual field (left hemialexia or left hemiparalexia). Both the cortex and neuropathway crucial for Chinese logographic characters reading are similar to that of alphabetic word reading.
Introduction: Stroke typically results in neurometabolic activity defects in regions distal but functionally connected to the infarct, usually representing deafferentation effects of the lesion, a physiological phenomenon known as diaschisis. We tested a method of continuous arterial spin-labeled (CASL) perfusion MRI, during baseline and cerebrovascular stress, to identify and quantify regional activity reductions outside the lesion that should represent recoverable brain. 18-FDG PET was also performed to assist interpretation. Materials and methods: We studied 6 patients (mean age 57, range 19 to 72 years) within 2 to 4 weeks post unilateral stroke involving the middle cerebral artery (MCA), with some variation in the extent of cortical and deeper white and gray matter involvement. MR Sequences: Patients and 22 controls were imaged on a 3T, Philips Intera scanner, using a transmit/receive head coil. Supratentorial slices covering cerebrum to cerebellum (single shot spin echo planar imaging; adiabatic-through-fast-passage labeling pulse) were acquired continuously in ascending order during resting-baseline and inhalation of 5% CO2. 18-FDG PET was performed on a GE 8-slice Discovery-LS PET-CT using intravenous injection of 10 mCi F-18 FDG and 3-D acquisition. Data Analysis: CASL data were stored as raw echo amplitudes and transferred for rCBF computations using custom software written in MATLABt. Forty pairs of labeled and control images were motion corrected and averaged to produce a single set of perfusion images. Changes in rCBF were analyzed using an ROI method, a method for estimating relative functional versus anatomical defect size [Mountz, SemNucMed 2003;33:56-76], and compared to controls with Statistical Parametric Mapping (SPM). Results: Figure 1 depicts an angulated transverse section from a patient for T1 weighted MRI, CASL at rest and during CO2 stress, and 18-FDG PET. Figure 2 plots rCBF values and PET-18FDG as percent of mean in ROI segments formed by a cortical circumferential profile analysis. All patients showed a significant increase in rCBF between rest and stress and a reduction in the metabolic-to-anatomical 'defect volume' (Table 1 ). The reduced defect volume quantifies an extended penumbra in the affected hemisphere. 18-FDG-PET showed reduction in activity distal to the infarct coinciding with the resting state rCBF reductions. Figure 3 shows SPM analysis of the case above compared to controls. Significant (P < 0.01) contralesional as well as ipsilesional hemispheric reductions are seen. Analysis of the CO 2 scan showed differences only within the lesion perimeter. Figure 4 shows absolute rCBF during rest and CO2 in one slice, with ROIs 7,8 improving most. Discussion: The dramatic improvement in rCBF seen during CO 2 stress outside the perimeter of the infarcted region strongly suggests primary neurometabolic reduction at rest and represents diaschisis or deafferentation effects. These regions also represent viable brain with recovery potential and probably account for some portion of the patients' current cognitive and motor deficits. Siemens Trio scanner using a single-shot echo-planar sequence and parallel reconstruction. 64 Â 2 diffusion weighted images were acquired using isotropically spaced diffusion encoding directions and a b value of 1000 s/mm 2 and a total of 2 images with b = 0 s/mm 2 respectively. In the stroke hemispheres, fibers were traced retrogradely from a standardized seed region in the cerebral peduncle through the infarct using a deterministic algorithm. 1, 2 In nonaffected hemispheres an identical seed region was used and tracts were traced through the posterior limb of the internal capsule. Mean FA within the tracts and FTV were compared within and between the groups and related to clinical severity (NIH scale). Tract portions above and below the level of the infarct/internal capsule were investigated separately.
Results: CST was successfully traced in both the affected and non-affected hemispheres of patients as well as in all controls. There were no significant differences in mean TVA and FA between left and right CST of controls (TVA LEFT 11200 + /À 3034.263 mm, TVA RIGHT 10480 + /À 1885 mm 3 ; FA LEFT 0.499 + /À0.0298, FA RIGHT 0.494 + /À 0.0379). The CST volume of patients was significantly reduced on the affected side (TVA AFFECTED 4726 + /À 1660 mm 3 , TVA NONÀAFFECTED 9896 + /À3144 mm 3 , Pp0.001). Mean FA was also reduced in the affected CST (FA AFFECTED 0.425 + /À 0.0501, FA NONÀAFFECTED 0.466 + /À 0.0310, Pp0.10). Furthermore, affected tracts in patients were significantly diminished in volume (FTV AFFECTED 4726 + /À 1660 mm 3 , FTV CONTROL 11200 + /À 3034 mm 3 , P < 0.01) and FA (FA AFFECTED 0.425 + /À 0.0501, FA CONTROL 0.499 + /À 0.298, P < 0.05) relative to controls. This decrease in tract mean TVA and FA was significant both above (Pp0.001) and below (P < 0.05) the infarct within the patient group. The differences in TVA and FA were the same above and below the infarct. A loose correlation between FA and NIH score was found (r = À0.73, P = 0.1).
Conclusions: Subcortical ischemic infarcts of the CST within 10 days of stroke onset significantly affect both mean CST volume and mean FA. Both parameters are significantly decreased within the stroke patients as well as relative to age matched controls independent of initial clinical symptom severity. The extent of FTV and FA decrease is the same along the entire CST.
Background and aims: The secondary degeneration in pyramidal tracts after stroke have been demonstrated by animal experiments, atopsy examinations and diffusion tensor imaging. From our previous studies, a subcortical infarct may result in retrograde and anterograde degeneration of pyramidal tracts, moreover the degeneration of pyramidal tracts may hampered the neurological covery. However, the secondary degeneration in thalamus-cortex tracts (TCT) after thalamic infartion and its clinical significance still to be determined. Methods: Eighteen patients with a recent thalamic infarct underwent three DTIs at first week (W1) and the fourth week (W4) as well as the twelfth week (W12) after onset. Eighteen age-and gender-matched controls underwent DTI one time. Mean diffusivity (MD) and fractional anisotropy (FA) were measured. Neurological deficit, motor deficit and life independence were assessed with NIH Stroke Scale, Fugl-Meyer scale and Barthel index respectively 2 h before each DTI examination. To reveal the secondary degeneration in TCT, Mean diffusivity (MD) and fractional anisotropy (FA) were measured at thalamus, the TCT at corona radiata and centrum semiovale levels.
Results: Fourteen of the patients had some degree of sensory disturbance. From patients' colour encoded images, a deficit signal was observed on thalamic primary lesion, and along the TCT at corona radiata and centrum semiovale levels (Figure 1) . FA values of thalamic primary lesion, ipsilateral TCT on corona radiata and centrum semiovale levels decreased significantly from W1 to W12 progressively (P < 0.01, respectively). The Collateral circulation evident on catheter angiography was graded with the ASITN/SIR scale. Results: Pretreatment FH MRI revealed microcirculatory flow abnormalities in all 75 cases. FHD or the width of the flow distribution was increased in all cases (P < 0.001). FHS images revealed redistribution of flow within slower routes of the microcirculation (P < 0.001). FHK images demonstrated the predominance of particular flow routes in all cases (P < 0.001). Topographic features of the FH abnormalities correlated with the degree of collateral flow noted at angiography. Conclusions: Multiparametric FH MRI reveals consistent changes in the microcirculation associated with collateral perfusion in acute ischemic stroke due to MCA occlusion. Flow redistribution may involve recruitment of specific preferential routes with slower flow to enhance oxygen extraction. FH images can be rapidly generated and provide unique insights into tissue state that may help guide management. Objectives: Etiology is rarely considered when evaluating perfusion abnormalities in acute ischemic stroke. Arterial occlusion due to progressive luminal stenosis with intracranial atherosclerosis (IA) may allow collateral perfusion to develop compared with abrupt cardioembolic (CE) occlusion. Diversion of cerebral blood volume (CBV) from core to periphery, leading to CBV collapse may also be offset by enhance collateral perfusion in the setting of IA. We analyzed diffusion and perfusion MRI in acute ischemic stroke based on etiology. Methods: A consecutive series of acute stroke cases with MCA ischemia and NIHSS score > 4 had MRI < 6 h from symptom onset. Post-processing generated Tmax > 2 secs (Tmax2), Tmax > 8 secs (Tmax8), and CBV maps. Volumetric measures of lesions were extracted for Tmax and CBV (ischemic core (IC) < .50 ml/100 g; penumbra to infarct (PI) = 0.51-0.75; penumbra to reverse (PR) = 0.76-1.00; normal (N) = 1.01-6.99; hyperemia (H) = 7.00-15.00). Lesion volumes were compared based on SSS TOAST classification (IA versus CE) and the subset with isolated M1 occlusion. Results: Age and time to MRI did not differ between groups (20 IA and 46 CE). NIHSS scores were much lower with IA (mean 8.6 versus 13.8, P = 0.002) and diffusion volumes were 10-fold smaller with IA (P = 0.004). Tmax2 volumes were equivalent, yet Tmax8 volumes were far smaller in IA (P = 0.016) suggesting greater sensitivity to Tmax thresholds. CBV IC lesions were much smaller than CE cases (P = 0.02) and far more variability in IC lesions was noted amongst CE cases likely reflecting a broad range of collateral perfusion. PI and PR lesions trended smaller in IA with no difference in H volumes. The extent of abnormal tissue (IC, PI, PR, H) was far greater in CE reflecting larger gradients of CBV (P = 0.015). Similar patterns with significant discrepancies of CBV based on etiology were noted in the isolated M1 occlusions (12 IA, 12 CE). Isolated occlusion of M1 resulted in dramatically lower NIHSS scores (mean 10.4 versus 16.0, P = 0.005) and revealed strikingly smaller areas of ischemic core and penumbra. Gradients of CBV from core to penumbra and hyperemia downstream from isolated M1 occlusion were considerably smaller in IA (P = 0.039) likely reflecting well-developed arterial collateral inflow to balance cerebral venous diversion from core to periphery. Conclusions: Ischemic stroke due to IA results in dramatically less sever neurological deficits and diminished lesion volumes. Time-domain perfusion parameters (e.g. Tmax) may not accurately reflect ischemic severity unless stroke etiology is considered. Collateral perfusion, reflected by preserved CBV, is more robust in IA with less variability across cases likely due to arteriogenesis. Smaller CBV gradients across the territory may make IA cases less vulnerable to collateral failure. Future predictive imaging models and treatment strategies must account for stroke etiologies such as IA.
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Brain tissue survival probability is a function of early MTT and subsequent evolution
H. An 1 , A.L. Objectives: Dynamic susceptibility contrast (DSC) perfusion method is widely used to study acute stroke patients, because it provides assessments of cerebral blood volume (CBV), mean transit time (MTT), and cerebral blood flow (CBF). Quantitative measures of CBV and CBF are difficult to obtain and their values differ between gray and white matter. On the other hand, MTT values in normal brain are quite uniform across the entire brain. Thus, MTT is commonly used to discern regions of ischemia. It has been suggested that MTT overestimates the size of the ischemic lesions, but it is unclear if this overestimation is caused by an inappropriate MTT threshold value. In this study, we aimed to examine brain tissue survival probability using the temporal evolution of MTT at 3 h and 6 h after symptom onset. Methods: Eight acute ischemic stroke patients were studied at three sequential time points: 2.7 ± 0.8 hours (tp1) and 6.2±0.2 h (tp2) and 1mo (tp3).
MTT values were obtained at both tp1 and tp2. In addition, FLAIR images were acquired one month (tp3) to delineate the final infarct. Six patients received intravenous tPA, while the remaining two patients did not due to contraindications. Changes in MTT (DMTT = MTT(tp2) MTT(tp1)) were calculated, and negative values of DMTT were considered reperfusion from tp1 and tp2. Conditional probability density function of tissue survival (1-infarction) was computed at given MTT and DMTT values. To minimize the effects of variation induced by noise, small isolated volumes ( < 2cc) were excluded from this analysis. Results: Mean MTT in the unaffected hemisphere was 6.2±0.1 secs. The survival probability for tp1 MTT and tp2 MTT were very similar for MTT shorter than 15 secs. However, the survival probability was higher at tp1 than at tp2 for MTT values longer than 15 secs, and this deviation reached its maximum for values of 20 to 25 secs (Figure, Panel A) . These data suggest that the survival rate is only time dependent for MTT values greater than a certain threshold (15 secs). Furthermore, very long MTT delays (as long as 25-30 secs) still had substantial survival probabilities especially at tp1, suggesting these regions may still include both tissue at risk and core. Moreover, brain tissue survival probability was a function of both MTT change as well as initial MTT delay at tp1; shorter initial MTT delays and greater DMTT's improvement resulted in higher survival probability (Figure, panel B) . Conversely, worsening MTT at tp2 (positive DMTT) decreased the chance of tissue survival. Conclusion: Our results suggest that survival of ischemic tissue depends on both initial MTT values and subsequent evolution during the hyperacute phase of stroke. The survival rate was only time dependent for MTT values greater than 15 secs.
1059. Evaluation of automated-partial-volume-correction software (PVEout) by means of un-biased random sampling-based volumetric assessment for two sets of clinical MRI data Introduction: Partial-volume-effect (PVE) is an essential source of errors, which degrades the accuracy in quantitative assessment of bio-physiologic functional parameters in PET and SPECT. A novel software, PVElab (running with SPM5), has been developed to automatically correct for PVE using clinical MRI images. 1, 2 The program is based on automatic registration of MRI to PET/SPECT, followed by automatic segmentation (SPM5) 3 and correction of PET/SPECT counts for fractional volume as determined from the segmentation. This study was intended to evaluate the accuracy and inter-subject consistency of this automatic segmentation procedure in two typical sets of clinical MRI. Materials and methods: One data set was obtained from a 1.5-T MRI scanner (Siemens) performed on 13 clinical patients with lacunar infarction in white matter areas. The acquisition sequence was a spinecho, with TR 630 msec, and TE 14 msecs. Another was from a 3-T MRI scanner (GE) with 3D T 1 sequence on 8 healthy volunteers (1 male, and 7 female) whose age ranging from 20 to 35 year old. The acquisition sequence was a fast-spoiled-gradient-echo prepared with inversion-recovery (IR-FSPGR, TR/TE = 8.6/1.8 msecs, FA 81, TI 600 m secs). Eight regions-of-interest (ROI) were delineated using the individual MR images for each subject, and grey-matter (GM) volume was obtained using PVElab. The un-biased random-sampling (RS) 4, 5 was also applied to obtain the GM volume as a reference. A sophisticated software program was developed for this purpose, with which the operator define points that hits the structure of interest within the ROI defined for PVElab. GM volume values were compared for each ROIs, and intra-subject and inter-subject consistency of GM volumes were evaluated by PVElab and RS. Results and discussion: PVElab (SPM5) and RS provided GM volumes which were significantly correlated to each other in each subject for both 1.5-T and 3-T data sets. The averaged difference for all subjects was 0.93% ± 3.18% for 1.5-T and 1.17% ± 6.35% for 3-T, in which the subject-dependent variation was attributed to the fact that the MRI intensity varies, dependent on subject. The reason for greater variation with 3-T MRI is probably due to the fact that 3-T MRI is more sensitive to error sources. The variation of differences for ROIs within each subject was in most of cases 1% to 2%. However, large variations were observed in two cases for 1.5-T and in one case for 3-T MRI. The Exact reason for this is unknown, but probably both MRI acquisition and segmentation algorithm are responsible to this. Conclusion: The automatic segmentation tool in PVElab for PVE correction is feasible for clinical use. The inter-subject consistency and intra-subject variations are reasonably small, but further studies and careful evaluation are still needed. 
